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Abstract: The consequence of electric power outage goes beyond the frustration
experienced. Electric power outage could lead to injuries and sometimes deaths
especially when it interferes with the elements of daily utility like the powered
elevators in towers and life-saving equipment in the hospitals. In this study, an
assessment of the reliability of a power generating plant was carried out to provide
an opportunity to checkmate frequent fault occurrence and prolonged outages.
Historical data were obtained from a generating plant in Nigeria. The data were
used to evaluate the overall performance of the plant and its generating units. The
results showed reliability results of the six units of the plant as 0.00%, 82.39%,
8.25%, 18.60%, 45.98% and 83.41% for units 1, 2, 3, 4, 5 and 6, respectively, while
the overall reliability was 55.73%. The plant’s availability and capacity factor were
50% and 35%, respectively. The generation loss analysis indicated that gas restric-
tion, grid constraints and plant unavailability prevented the plant from running at
maximum continuous ratings (MCR). It was recommended that to have an optimum
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1. Introduction
Among the many challenges being faced in many developing countries, like Nigeria, is the avail-
ability of reliable power supply. The three arms of power supply such as generation, transmission
and distribution have contributed to this erratic power supply. However, the focal problem is
generally inadequate power generation (Sambo, Garba, Zarma, & Gaji, 2010). There is a long
persisting shortfall in power output of the nation. It is worthy of note that maintaining a steady
and reliable power supply is important for the smooth running and development of any nation. The
effect of epileptic power supply could lead to production losses due to damaged equipment,
production downtime, severe injuries and even death (Awosope, 2014).
The major ways of generating electricity in Nigeria include thermal, hydro and gas turbine power
plants. These are meant to complement one another for sustainable electricity for the populace.
However, electricity utilization to the Nigerian users is not reliable and this can be attributed to
some shortfalls in the power generation, transmission and distribution. The performance analysis
such as reliability and power loss analysis for electricity generation in a gas power plant should be
determined towards the actualization of the plant’s energy efficiency.
Various researchers have given several definitions of reliability (Abdullahi, Akinsanmi, Muazu, &
Jubril, 2007; Dhillon, 2006; Ireson & Coombs, 1998). Generally, the probability that a device,
equipment or system will perform its function adequately, for the period of time intended, under
the operating conditions intended can be termed reliability.
Barabady (2005) identified reliability as a key consideration during the design and operation of
systems in engineering, naming it a key performance measurement yardstick of the overall
system. Using the Reliability, Availability and Maintainability (RAM) analysis, it was discovered
that the overall time during which a component is active greatly influences the reliability of the
component as well as the whole system. Souza (2012) dealt with the probabilistic aspect of the
operational performance of the power plant. The study employed a deterministic approach of
reliability analysis of a system to deal with the understanding of how and why a system is
unsuccessful, and how proper planning could be done to prevent such failure from re-happening.
The work included analysis such as review of historical field failure reports, understanding scientific
theory behind the failure, the role and degree of maintenance policies.
The reliability of turbines used in steam power plants using the failure mode and effect analysis
was investigated by Dewangan, Kumar, and Banjare (2014). The study focused on using past
failure records of each of the components and the overall failure effect of each component on
the plant to identify, classify and improve important components in the operation of the plant, for
improved reliability of the plant. The research conclusively linked the reliability profile of any
heavy-duty steam turbine to the human factors along the chain, based on the method of installa-
tion, competence of the operations and maintenance team, quality of steam generated and
variable environmental conditions.
However, the study failed to take cognizance of the attendant effect that time has on the
reliability of equipment. Ogieva, Ike, and Anyaeji (2015) conducted a study to find the generator
availability and unit performance study of Egbin power station, Lagos. Past operational data of the
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plant was analysed using MATLAB to evaluate the availability of the units of the plant and the
overall availability. A computer program based on the template used in the analysis for subse-
quent computations was developed. However, generator availability alone is not enough to base
the performance of a power plant on, as it measures only the total uptime and downtime of the
plant, neglecting number of failures experienced and also the total effective generation during the
available hours. Also, some inconsistencies were observed in the data used over the study period,
as some data were not available to the researchers, thus limiting the scope of the study.
Evaluation of the reliability of Kainji power station, a hydro-electric power plant in Nigeria was
carried out by Adamu, Adegboye, Bajoga, Ambafi, and Omokhafe (2012). The frequency and
duration of outages (F and D) method of reliability computation were used for the analysis.
Based on the result obtained, the station lacked appropriate and adequate maintenance practice,
which was evident in the low reliability of the station. The frequency and duration approach used in
the research is one of the most effective methods in generating capacity reliability evaluation, as
explained by Prada (1999). Agbo (2007) compared the electricity being generated by Cuba,
a country with about 11 million inhabitants, with what Nigeria generates with a population that
is about 17 times higher. The study gave the amount of electricity being generated by both
countries to be around 4000 megawatts of electricity.
According to the Nigerian Electricity Supply Industry (NESI), Nigeria has an installed generating
capacity of 10,396 MW and an available capacity of 6,056 MW to supply power to over 170 million
people living in the country (Presidential Task Force on Power [PTFP], 2015). This is considerably
low, as it gives the per capita consumption for each individual at about 0.036kW. Efforts are being
made to increase this, however, for the time being, it is logical to ensure that the few generation
stations available are effectively operated to ensure efficient and optimal performance at all time.
Due to unavailability caused by many factors at the generation stations, power generation
capability is gradually declining in Nigeria to a level that is abysmal. Plant unavailability, gas
restriction, grid constraints and unplanned downtime had been the major causes of electricity-
generation losses. These have resulted in lower profitability which has affected many sectors of
the economy especially the commercial sectors. Power plant performance evaluation and reliable
energy efficiency play important economic roles to the consumer. Hence, the increase in demand
of electricity being generated from generating power stations cannot be overemphasized. It is
important to investigate how reliable and available the power plant will be for effective and
efficient power supply to its end-users. Therefore, this study investigates the reliability of the
plant and performs the power loss assessment putting into consideration the power output, rate
and duration of failures.
2. Methods and materials
2.1. Data acquisition
Data on power generation and outages, as well as durations and reason(s) for the outage, of the
plant were obtained for all the six units. These data were collected from the plant’s daily opera-
tional log book and outage reports over a 12 months period, from October 2016 to
September 2017 from the operations department. These data represent the records of plant
capabilities which include other inherent daily conditions. The data for each unit were analysed
separately, before that of the overall plant.
Quantitative approach, which uses both statistical and engineering methods, to appraise the
power situation of the case study plant was adopted. This choice of approach is as a result of the
far-reaching ability of the quantitative approach to effectively capture both the engineering and
analytic aspects of power systems evaluation.
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2.2. Unit performance analysis
To appraise the overall performance of the case study power plant, the performance data
obtained from the plant were analysed to evaluate some key performance indices, like
availability, mean time to repair (MTTR), mean time between failure (MTBF) and capacity
factor (CF).
Mathematically, availability can be obtained using Equation (1):
Availability ¼ System Uptime
System Uptimeþ System Downtime (1)
This can be well modified as Equation (2) which was used in obtaining the monthly, yearly and
overall availability of the plant over the 12 months period.
Availability ¼ Supply Hours
Supply Hoursþ Outage Hours (2)
MTBF and MTTR values were obtained using Equations (3) and (4)
MTBF ¼ Total System Operating Hours
Number of Failures
(3)
MTTR ¼ Forced outage hour
Total number of failure
(4)
Equation (5) indicates the determination of capacity factor which was calculated for all the units
and for the whole plant.
CF ¼ Total generation in the period
Total periodic hours XMCR
X100% (5)
2.3. Reliability indices
Reliability indices are important according to Kececioglu (1995). The indices that were used in this
study are given below;
2.3.1. Failure rate
Equation (6) gives themathematical equation of failure rate which pertains to non-repairable systems
while Equation (7) indicates the equation for the determination of failure rates for repairable systems.
Failure Rate; λ ¼ Fault Frequency
Period of occurence
(6)
Failure Rate; λ ¼ Number of Times Failure Occurs
Number of Unit Hour of Operation (7)
The unit of λ Nð Þ is failures per unit-hour. A high value of failure rate indicates low reliability of the
system.
2.3.2. Maximum continuous rating (MCR) militating factors
Investigation of the critical factors that prevented the plant from running at maximum capacity
within the period was done. The total generation loss across all units in the plant was documented
against the factor causing the loss for each month. Summation of all these losses was done to get
the total loss for each militating factor in the plant for the 12-month period of investigation. The
major factors that generally inhibit a steam power plant from running at maximum continuous
ratings (MCR) are gas restriction, grid constraint and plant unavailability.
The outage frequency, forced outage hour, service hour, total energy generation and period hour
were determined.
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3. Results and discussion
3.1. Analysis of the operational data
Table 1 shows the summary of operational data obtained from the operations department of the
plant between the period of October 2016 and September 2017 for each of the units. These data
involve the outage frequency, forced outage hour, service hour, total power generated and the
period in an hour for running the engine.
3.2. Performance analysis of the units
The most basic parameter/index used in reliability computation is the failure rate (λ) which is the
number of failures (shutdown) per unit time. The number of failures is given as outage frequency
(N) in Table 1. The maximum value was obtained for MTTR at unit 1 with a value of 730 hours and
the minimum value obtained was at unit 6 with 25.71 hours value. The MTBF has the maximum
value to be obtained at unit 6 at 201.09 hours while the minimum value was at unit 1. Moreover,
unit 6 was found to have the highest value for availability, capacity factor and reliability, respec-
tively, with value at 84.39%, 63.48% and 83.41%, respectively. From Tables 2–3, the overall MTTR,
MTBF, availability, capacity factor and reliability were 219.34 hours, 118.77 hours, 49.87%, 34.67%
and 55.73%, respectively.
A major determinant of reliability and availability of a plant is the failure rate which gives
a reasonable measure of the stability of the plant units and indicates the economic effectiveness
of repairs (Ogieva et al., 2015). Throughout the time of investigation in this study, availability,
reliability and other parameters needed to be considered fluctuate and could not reach the
required expected benchmark. This finds agreement with the work of Ogieva et al. (2015). Some
of the units in the period of study had a good and balanced power generation system availability
requirements such that is above 97%. Moreover, as stated by Ogieva et al. (2015), 94% minimum
availability is required for the important components of the unit generator. Unit 6 met this
requirement for most of the months under study while unit 1 could not meet up with this
requirement as the availability value was 0% throughout the investigation period. Units 4 and 5
gave low responses to availability throughout the investigation period except in August when unit
4 was 97.5%. Also, unit 3 met up with the minimum requirement in December but failed in the
other months. This implies that their plant requires more maintenance so that its performance can
be improved.
3.3. Generation loss analysis
An analysis of the total generation loss due to outages in the plant within the statistical year was
investigated. The causes or nature of the outages were investigated and evaluated in order to
determine the factors precluding the plant from running at a maximum continuous rating. Table 4
shows the generation loss analysis where the major factors that inhibited the plant from running
at full capacity were analysed.
As stated, the analysis excluded unit 1 outage, as the unit was completely unavailable through-
out the study period.
The total generation loss for the plant in the study period was 6,185,680 MWH. The three major
generation losses obtained from the plant were due to gas restriction, grid constraints and plant
unavailability. Except for September 2017, there were no generation losses due to gas restriction.
This could be attributed to the constant and adequate supply of gas required to fire the plant. The
amount of generation losses due to grid constraints and plant unavailability were very high. It
would require much attention so as to reduce the high value and make energy generation more
available to the end-users.
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3.4. Overall plant’s performance
The plant is made up of six individual and identical units. The overall performance of the
plant depends on the performances of each of these units. The overall failure and reliability
indices analyses carried out on these units within the period of study were illustrated in
Figures 1–3.
The unavailability of unit 1 makes it unreliable as shown in Figures 2 and Figure 3. From Figure 3,
the unit with the highest reliability value was unit 6 at 83.41%, followed by unit 2 at 82.39%. In
terms of availability and capacity factor, unit 6 also had the highest values, at 84.39% and 63.46%,
respectively. More so, unit 2 had availability and capacity factor of 77.62% and 57.48%, respec-
tively, as shown in Figure 2. The major factors responsible for these high values in reliability and
availability were their high MTBFs and low MTTR. It was observed that their average MTBFs were
above 200 hours. This implied that, on the average, these units worked for more than 8 days
without experiencing a major failure. Also, their average MTTRs were between 1 and 3 days for
major maintenance work after failure. This suggested that the lower the MTTR, the higher the
uptime and ultimately the availability of a unit (Dhillon, 2006). However, these two units which
gave the highest from this study were below the minimum requirement of availability value for
a plant unit.
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The major reason for unit 6 to have obtained a high value of availability was due to
a memorandum of understanding (MOU) that the plant should constantly supply power generated
by Unit 6 primarily to a major commercial city in south-western Nigeria. This means that special
attention was given to unit 6 so as to meet up with the signed MOU. However, unit 2 with no
special attention also performed fairly well as availability value was close to that of unit 6. This
study suggests that the plant operators should replicate the swift maintenance actions carried out
on units 2 and 6 on others, especially unit 1 that was shut down throughout the period of study.
3.5. Generation loss analysis
The total monthly generation loss in the plant, as well as the factors responsible for the loss was
analysed. As explained earlier, the major factors preventing the steam power plant from running
at maximum capacity were fuel/gas restriction, grid constraint and plant unavailability.
From Table 4, the total generation loss due to gas restriction was 2,162,336 MWH, grid con-
straint was 935,566 MWh and plant unavailability was 3,087,778 MWH. These bring the overall loss
across the plant to be 6,185,680 MWH.
From the analysis, it can be seen that the highest contributing factor to the plant’s inability to
run at maximum continuous rating (MCR) within the statistical period was unavailability of the
plant, at 62% of the total loss (Figure 4). This was caused by the poor and slow maintenance
practice on the plant, especially in some units (units 1, 3, 4 and 5) having very high MTTR values.
Gas restriction caused 27% of the total generation loss. Gas restriction loss was due to low gas
header pressure which could be caused by low gas production, vandalization of the pipeline or
accident along the pipeline. Eleven per cent of the total generation loss was caused by grid
constraint. The factors responsible for these range from grid collapse; total blackout; instruction
from the national control centre (NCC) to reduce generation; outages caused by natural phenom-
ena like wind or storm. If all these generation losses were removed or reduced, energy generation
from the plant would be more available and reliable to the end-users.
4. Conclusions
In this study, reliability and performance analysis of a power generating plant in Nigeria was
analysed. Historical data obtained from the plant were used to appraise the overall performance of
the plant and its generating units. Availability and capacity factor were also determined. The
overall reliability was found to be 55.73% while the plant’s availability and capacity factor were
50% and 35%, respectively. It was discovered that gas restriction, grid constraints and plant
unavailability inhibited the plant from running at maximum continuous rating (MCR). To improve
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on power supply to the end users, there is a need to ensure adequate gas supply, better main-
tenance and further examination of the transmission and distribution units of the power system.
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